Aims and objectives: To evaluate the ductal diameter centiles in the first 24 h of life and their relation to cerebral blood flow in neonates weighing <1250 g in the first 24 h of life. Method and material: This prospective observational cohort study enrolled 44 infants with birth weight <1250 g. Two-dimensional echocardiography and color Doppler were performed within the first 12 h of life and were repeated again in the next 12 h of life to assess the ductal size and middle cerebral artery (MCA) flows [peak systolic velocity (PSV), end diastolic velocity (EDV), mean velocity (MV) and pulsatility index (PI)]. Results: The mean patent ductus arteriosus (PDA) size (mm) within 0-6 h was 1.88 6 1.12, within 7-12 h was 2.02 6 0.973, within 13-18 h was 1.47 6 1.00 and within 19-24 h was 1.42 6 0.705. There was a significant increase in the PSV and MV of the MCA in infants with open PDA compared with those with closed PDA (p < 0.05) when measured between 13 and 24 h of life. There was no correlation between the PDA size and simultaneous PSV, EDV, MV and PI of MCA within 12 h of life. The PDA size within 13-24 h showed correlation with only the PSV of the MCA (p ¼ 0.05) and not with the EDV, MV and PI. There was no significant difference in the PSV, EDV, MV and PI among the infants depending on the size of the PDA. 
I N T R O D U C T I O N
The ductus arteriosus (DA) is a physiologic structure required for shunting pulmonary blood into the descending aorta in utero. During intrauterine life, 10% of the cardiac output passes through the lungs. The remaining 90% is shunted via the DA to the aorta and systemic circulation. After birth, most of the right ventricular output should pass through the lungs to facilitate proper gas exchange. To make this possible, the ductus undergoes constriction and functional closure soon after birth in term neonates. Total 80% of the DA in term infants closes by 48 h V C The Author [2017] . Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com and nearly 100% by 96 h [1] . Failure of this normal closure may result in problems especially in preterm neonates [2] . It is reported that the patent ductus arteriosus (PDA) in the first 24 h of life is associated with hemodynamic significance and alterations in the cerebral blood flow [3, 4] . Hemodynamically significant PDA leads to unstable hemodynamics in the cardiovascular system and contributes to intraventricular hemorrhage (IVH), as well as periventricular leukomalacia in the vulnerable preterm infants [5, 6] . There are only a few studies that analyzed the relation of PDA size with cerebral blood flows within 24 h of life, and no previous studies report the centiles of PDA size in the crucial first 24 h of life. Hence, there is a need to study the ductal sizes at birth, its normalcy and deviations. We conducted this study to analyze the relation of ductal size with cerebral blood flows within 24 h of life.
M E T H O D A N D M A T E R I A L S
This prospective observational cohort study was conducted at Fernandez Hospital, Hyderabad, India. This hospital is a high-risk perinatal center (teaching hospital and recognized for postdoctoral fellowship in neonatology) with an average of 9000 deliveries per annum. Institutional research board of Fernandez Hospital approved this study. The study duration was from 1 January 2010 to 31 May 2011.
All preterm babies having birth weight <1250 g and gestational age <34 weeks were screened for eligibility, and the eligible babies were enrolled after obtaining written informed consent from the parents. The gestational age assessment was done from the mothers' LMP and first trimester ultrasound when available. The baseline characteristics were noted using a predesigned proforma. The baseline data included the antenatal variables, resuscitation details and various postnatal details as outlined in the proforma. Two-dimensional (2D) echocardiography was performed for all enrolled babies within the first 12 h of life and was repeated again in the next 12 h of life by an experienced neonatologist trained in functional echocardiography.
The primary objective of the study was to construct the percentile charts of the ductal (DA) diameters in 6 h time interval groups (0-6, 7-12, 13-18 and 19-24 h) in the first 24 h of life. The secondary objective of the study was to find the relation between the diameter of the ductus in the first 24 h of life and abnormal diastolic Doppler flow patterns (absent or reversal of diastolic flow and pulsatility indices) in the middle cerebral artery (MCA).
Inclusion criteria
All babies with birth weight <1250 g and <34 week gestational age. Two-dimensional Echocardiography Two-dimensional echocardiography and color Doppler were performed using Voluson machine with a probe frequency of 5-9 Hz. Cranial ultrasound and color Doppler of the MCA were performed using the same machine and probe.
Exclusion criteria

Ductal diameter
This was measured in the short axis, parasternal view using color Doppler at the point of origin of the ductus from the left pulmonary artery.
Middle cerebral artery
The Doppler flows were noted in the right MCA by performing cranial ultrasound along with the 2D echocardiogram. The MCA was visualized using color Doppler in the cross-sectional plane from the lateral coronal suture over the right temporal window with the transducer maneuvered so that as much of the MCA as possible was in the plane. The pulsed Doppler range gate was placed in the artery, as it runs laterally, and the velocity was recorded. All measurements were performed for a minimum of 10 cardiac cycles from clearly defined flow velocity profiles, with the angle of insonation maintained at <20 . Peak systolic (Vs) and end diastolic (Vd) flow velocities in the MCA were noted, and Vs/Vd ratio and pulsatility index [PI ¼ (Vs À Vd)/Vm] were calculated. The mean velocity [MV (Vm)] was calculated by considering the area under the curve of the Doppler flow velocity waveform (temporal average frequency over one cardiac cycle).
Sample size A convenient sample size of 40 babies was recruited in the study. Each baby underwent two evaluations in the first 24 h of life; ductal sizes at 6 h intervals could be obtained from only half of the enrolled newborns.
Statistical analysis SPSS 15 for Windows was used for analysis. The centiles of the PDA size were obtained from the data of 2D echocardiography performed during the 6 h intervals (0-6, 7-12, 13-18 and 19-24 h). The change in size from the first 12 h to the next 12 h was done using paired t-test. Correlation between the ductal size and PI in the MCA was estimated using Pearson correlation coefficient and that between the ductal size and abnormal diastolic flow (absent or reversal of diastolic flow) in the MCA was estimated using Student's t-test. The p value of <0.05 was considered significant.
R E S U L T S
A total of 50 infants with birth weight of <1250 g and <34 weeks gestation were born during the study period and were enrolled in the study. Of these, six infants were not included because of non-availability of the echocardiography machine. The enrolled infants were followed up to 72 h.
The baseline data of the enrolled infants are shown in Table 1 . Two infants died during neonatal hospitalization secondary to neonatal sepsis. All the enrolled infants had the PDA within 24 h of life. Among the 44 babies enrolled in the study, 39 had spontaneous closure of the PDA; five babies had clinical PDA and were treated with ibuprofen (Table  2 ). These infants were discharged without any complications.
PDA size evaluation was carried out in 20 babies between 0 and 6 h (three closed PDA), in 24 babies between 7 and 12 h (two closed PDA), in 18 babies between 13 and 18 h (six closed PDA) and in 26 babies between 19 and 24 h (five closed PDA), and simultaneous estimation of flows of MCA including peak systolic velocity (PSV), end diastolic velocity (EDV), MV and PI was done in all these infants ( Table 4 ). The centiles of ductal size in the first 24 h of life at 6 h intervals are depicted in Table 3 ( Fig.  1 ). There is a significant reduction in ductal size from the first 12 h (1.96 þ 1.03 mm) to the next 12 h (1.43 þ 0.82 mm, p < 0.001) in the first 24 h of life window (Fig. 2) . PDA size in the first 12 h did not show any correlation with simultaneous PSV (r ¼ 0. Table 5 ).
The infants in the PDA groups were divided into three categories depending on the size of the PDA (Group 1 size: <1.5 mm, Group 2 size: 1.51-2.5 mm and Group 3 size: >2.51 mm). There was no significant difference in the PSV (p ¼ 0. Twelve infants had absent EDV in the MCA during the study evaluation, but there was no relation with ductal size. There was no significant difference in the PDA size between the infants with absent end diastolic flow and those with a forward end diastolic flow in the MCA.
D I S C U S S I O N
In this present observational study, we constructed the percentile charts of the ductal (DA) diameters in 6 h time intervals (0-6, 7-12, 13-18 and 19-24 h) in the first 24 h of life and studied the correlation of the PDA size with middle cerebral artery flows within 24 h of life in infants with birth weight <1250 g and <34 weeks of gestational age. The centile charts from this study may be used to guide prediction and target therapy of a hemodynamically significant PDA in the first week of life.
In the present study, we did not observe any correlation between the PDA size and MCA flows (PSV, EDV, MV and PI). We observed a significant increase in the PSV and MV with the presence of the PDA only when evaluated between 13 and 24 h of life (p < 0.05). There was no difference in the size of the PDA between infants who had absent end diastolic blood flow and those with forward diastolic flow in the MCA.
Weir et al. studied the effect of the PDA on cerebral blood flow velocity in ventilated, very low birth weight (VLBW) neonates in the first 5 days of life. The study enrolled 31 neonates without and 43 infants with the PDA and reported that the end diastolic and mean velocities were reduced (p ¼ 0.008 and p ¼ 0.129) and the resistive index was increased (p ¼ 0.047) by the PDA. They concluded that the PDA reduces MCA blood flow velocity in VLBW neonates [3] . However, the authors studied the relationship of MCA flows with the size of the PDA and Lipman et al. studied blood flow patterns in the anterior cerebral artery (ACA) in eight preterm infants with PDA having left-to-right shunt. They reported that advancing diastolic blood flow was decreased in all eight infants, and two demonstrated retrograde ACA flow during diastole. Following ductal closure, the diastolic flow in the ACA increased significantly, reaching to normal levels. Even in this work, the authors did not study the relation of ductal size with cerebral blood flow patterns [4] . In our study, 12 babies had absent EDV in the MCA, but there was no difference in the PDA size among those with absent EDV and those with normal end diastolic flow of MCA.
The strength of the study includes all the echocardiograms, and MCA flow study was performed by one person, thereby reducing inter-observer bias, preparing centile chart for ductal diameter and observing the association between different sizes of the PDA and cerebral blood flow for the first time. Limited sample size is a major limitation of this study. As the presence of the ductal and non-ductal size is associated with alteration of cerebral perfusion, future studies should focus on cerebral perfusion abnormalities associated with hemodynamically significant PDA.
C O N C L U S I O N
There is a progressive decrease in the PDA size in the first 24 h of life. Centiles of the PDA size would be useful for future studies on prediction and targeted therapy of hemodynamically significant PDA. There is no correlation between the size of the duct and MCA flows.
R E F E R E N C E S
